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® Information recording and reading system, and recording device and reading device for use in 
such a system. 
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© A recording and read system is disclosed for 
recording and reading information (Va) on/from a 
record carrier (1) with a higher speed than that with 
which it is received or supplied. In order to com- 
pensate for differences between the recording speed 
and the read speed and between the receiving 
speed and the supply speed the device comprises 
an input buffer memory (6) and an output buffer 
memory (11). 
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In order to minimise the required storage capac- 
ity of the buffer memories (6, 11) the device com- 
prises a control unit (10) which is loaded with a 
control program which each time temporarily inter- 
rupts the recording and read process in such a way 
that the degree of filling of the input buffer memory 
(6) and of the output buffer memory (11) remains 
within specific limits. 
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INFORMATION RECORDING AND READ SYSTEM, AND RECORDING DEVICE AND READ DEVICE FOR USE 

IN SUCH A SYSTEM. 



The invention relates to an information record- 
ing and read system comprising scanning means 
for scanning a track on a record carrier of an 
inscribable type for the purpose of recording and 
reading information, the scanning speed during re- 
cording substantially corresponding to the scanning 
speed during reading, a recording device compris- 
ing recording means for recording information in 
the track at the scanning location, a read device 
comprising read means for reading the information 
recorded in the track at the scanning location. 

The invention further . relates to a recording 
• device and read device tor use in the .system. 

.. Such a system in the form of an optical record- 
ing and read system is known from the Applicant's 
EP-A 0,325,330 (PHN 12.399). Said application de- 
scribes an optical recording and, read system in 
which, for the purpose, of recording and/or reading, 
.the track- of . a disc-shaped optical record carrier is 
scanned by a radiation beam which is focused on 
•the record carrier. - - 

. In order to enable the recording and read pro- 
cess to be optimised various servo arrangements 
are needed for ^scanning control. For example, op- 
tical recording and read devices comprise Jnter alia 
- a tracking ;control r for ^keeping the radiation beam 
on the track, a focus control for keeping the radi- 
ation being: focused on the record carrier/and a 
speed control for controlling the scanning speed. 
The disturbances which affect the servo systems 
are mainly disturbances caused by imperfections 
of the . record carrier, such as for example an ec- 
centric position of the centre -of rotation, *» non-cir- 
cularity of the tracks and non-flatness of the record 
carrier. The -width of ,the frequency .spectrum of 
these disturbances: strongly depends on the scan- 
ning speed, so that the optimum adaptation ; of the 
servo system , to the disturbances * to be handled 
also depends stongly on the scanning speed. 

- >This dependence constitutes a problem if a 
recording and, read device should process a" digital 
signal, for example a digitised audio or video sig- 
nal, whose bit rate, for example as a result of 
another digitising method or .data compression, is 
lower than that for which the recording device has 
been designed originally. Maintaining the scanning 
speed at the original value during recording has the 
drawback that the information density on the record 
carrier, represented by the required length per data 
bit, decreases substantial . so that the* available 
storage capacity of the record carrier is utilised 
only partly. 

Conversely, reducing the scanning speed has 
the drawback that the operation of the servo sys- 



tems is no longer optimal. 

It is an object of the invention to provide 
means enabling, a recording and read system as 
defined in the opening paragraph to be adapted to 
5 record digitised ; information of a bit rate lower than 
that for. which the > device has been designed 
originally, without detriment to the information den- 
sity -of the record carrier and the performance of 

• the servo systems." . ^ 

io i • To this end the recording and read system is 
. characterized in that the .'recording device com- 
prises an input buffer memory for, prior to record- 
. ing, temporarily storing-information to be recorded, 
i recording control means for causing the recording 
75 to be interrupted, for causing the scanning spot to 
jump to a. preceding portion > of the track, and for 
causing the recording process to be resumed when 
the track;, portion where ' the "recording has been 

• interrupted is reached again, in such a way that a 
20 degree 1 of filling: of the input -buffer memory re- 

- mains between - specific- limits,' in 'that the read 
device comprises an output buffer -memory for Jhe 
' ' temporary storage of the read information prior to 
, the extraction, of the read information, and read 
25 : control means for causing the storage of the in- 
-.v - formation ';read to be interrupted for causing the 
i scanning spot to jump to a preceding track portion, 
3 and for. causing the storage ^of the information read 
^ : : .to- be. resumed .when the track portion where stor- 
30 •. age has been interrupted ms reached 'again in such 
-.a", -a way that a degree of filling of the 1 output buffer 
s ? memory remains between specific limits. As a re- 
: ; suit . of the above steps the scanning ^speed during 
- recording and reading, using the same information 
35' density, , has'' become * independent of the speed 
V L with: which the information^ to be recorded is re- 
*-» ■ ceived or with which the* information read is sup- 
/i plied, ?so-th*at at ' a scanning speed for which the 
operation of the servo systems is optirhum the 
ao r*. device in accordance with the invention is, in prin- 
. r -ciple, -capable of recording and/or reading informa- 
tion' having a bit rate lower than the bit rate cor- 
responding to the scanning speed/ 

It is to be noted that EP-A-0, 196,590 describes 
45 a magneto-optical recording and' read system in 
-J' ' which the recording speed is equal to' twice the 
speed with which the information* is received and in 
- * which the difference in recording speed and receiv- 
ing speed is compensated for by means of an 
so input buffer -memory. However, this concerns is a 
system -in' which each time before new information 

• is recorded the recording speed is increased to 
provide ; time To- perform ah additional erase pro- 
cess on the track portion in which the new informa- 
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tion is to be recorded. However, a result of the 
increased recording speed a. difference arises in 
the scanning speed during recording and. the scan- 
ning speed during reading, which adversely affects 
the performance of the servo systems. 

Moreover, US 4,536,864 describes a read de- 
vice for reading optical record carriers of the read 
only type, in whjch the reading speed of the record 
carrier is increased relative to -the nominal reading 
speed, so that the speed of reading becomes high- 
er than the speed with - which the information is 
supplied. The difference between ■ - the reading 
speed and the information supply speed' is com- 
pensated for by an output- buffer ^memory. How- 
ever, the object of increasing the reading speed is 
to reduce the susceptibility to shocks of the servo 
systems. • • • . :* / ■ -\. - . : 

An embodiment of the system isicharacterized 
in that the the recording device ■ comprises a 
• , . modulator for modulating, prior to - recording, an 
-information signahwhich is representative /of the 
- .information, to be. recorded, the reachdevice com- 
prising a- demodulator for; demodulating, after read- 
ing, • a modulated information signal - read; the re- 
cording device being adapted' ; 'to'- store .-the nqn- 
• modulated information signal :;in v the input buffer 
.-. . memory -and/or. the read^ideviee being /adapted to 
store the information signal read uwhich; has already 
been demodulated, in the ioutput;buffen memory. 

» This -embodiment, advantageously . utilises the 
fact that -the. number of,, bits Hr^thej .unmodulated 
. information signal is .smaller than :tn.:the modulated 

- „ . information signak -Thus,* for; the - storage.^of the 

unmodulated informatioo?rsignah .a?, -comparatively 
small storage,. capacity of -the buffer -memories is 
adequate. The last, mentioned) embodiment Js par- 
. ticularly attractive for recording information in a 
track having a preformed: trackj. modulation repre- 
senting the address information^. -Since, in .this em- 
bodiment the difference -inrreceiving ,time:and re- 
cording time .of thepinformation. is compensated for 
by the temporary storage; of the.still.noa-modulated 
information signals it remains possible .during re- 
cording to add the address -information -derived 
from the track modulation : directly to the informa- 
tion signal during modulation. .HftisHs in . contra- 
distinction to a storage method inrwhich themodu- 
lated information signal is -stored temporarily. 

When ..the recording : process has been inter- 
rupted and ■ resumed the phas.e of?, the recorded 

- • signal directly before the position where recording 

has .been interrupted may not be contiguous to the 
phase of the recorded signal. immediately after this 
point. During reading, siich ja phase discontinuity 
(phase jump) of the recorded information may give 
rise to read errors. When a digitised audio or video 
signal is recorded to -which redundant -.information 
has been added for the. purpos.e okerror correction, 



such as for example in the case of an audio signal 
digitised in conformity with a CD standard, these 
read errors caused by phase discontinuities do not 
present a real problem because in general such 
5 read errors can be corrected readily on the basis of 
the redundant information added to the signal. 

An attractive embodiment of the system, which 
enables phase discontinuities and hence any ad- 
verse effects thereof to be reduced considerably, is 
io characterized in that the recording means are cloc- 
ked, the device further comprising synchronisation 
means for synchronising a clock signal for the 
* control of the recording process with a data clock 
1 signal derived from information read from a track 
75* portion -which is scanned prior to resumption of the 
recording.- ** '« " * : v 

,"j . Another 'embodiment of the system is char- 
acterized- in that the^ device : comprises address- 
generating "means for supplying addresses which 
:-2o ': . are indicative of the instantaneous scanning loca- 
" tion, the recording control means and/or read con- 
• •i » vtrol means -being afdapted to interrupt the recording 
'**!.«; and/or read process at an instant which- is shifted 
■ :■ by a. predetermined time relative to* the recording 
rss and/or- read process of a synchronisation code in- 
cluded in the information, the' recording and/or read 
eontrokmeans comprising- means for the storage of 
. f - the -'address associated^ with» :the' -position of in- 
•<■• 1 terruption; of the recording or -read process, and 
means for; . determining the position in the track 
where recording or reading should be resumed on 
l:; the* : basis of *he stored address "'arid *ohe of the 
> j ..synchronisation codes included in the information 
, ^which is read prior to resumption.* 'if for determining 
c35'c<... the point of interruption and resumption in the track 
.? ■..'use isirndde- of the : available address 'information 
^ :fand. : synchronisation j codes the points where the 
. ; ^information "read x>ut is- interrupted xan be selected 
; <->-: independently of the .points .where recording of this 
40 — information has- been? interrupted. This has the ad- 
- -^ vantage that ..diiringj reading; the point where* read- 
ring 'begins can be/^selected independently of the 
.- »:• points where. the -information has 4>een interrupted 
during- recording. This is ig contradistinction to the 
45 recording- and« read ^methods 1 irv-which ""additional 
,. ; codes are added teethe modulated information sig- 
> nal to indicate . where ■> recording - and/ reading may 
) be interrupted: - j : 7 ' ' 

. ^. Further embodiments .and the advantages 
50 thereof, will now.^be described in detail with refer- 
; : , ence to Figs. 1 to 7, in -which, t. * '" 
**■ -:. Figs. 1 and .6 .show embodiments of a recording 
and . read system in accordance with the inven- 
. • ■ - . tion, »■ *- ..: •£• • " i . 1 < 
55. . Figs. 2 and: 4 arie flow charts of control pro- 
,t grams carried out by control units in recording 
and read systems in accordance with. the inven- 

, tion,;- . ■ 

3 
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Fig. 3 is a plan view of a record carrier to 
illustrate the invention, 

Figs. 5a and 5b show modifications to the sys- 
tem shown in Rg. 2, 

Fig. 7 shows a modification to the system illus- 
trated in Rg. 6. 
Fig. 1 shows a first embodiment of a recording 
and read system in accordance with the invention. 
The device comprises a motor 1 for rotating a disc- 
shaped record carrier 2 of an inscribable type 
about its axis, for example an optical record carrier 
having a spiral track. A read/write head 3 is ar- 
ranged opposite the rotating record carrier 2. The 
read/write head 3 may comprise, for example, a 
customary optical read and write head by means of 
which a track on the record carrier 2 is scanned 
; with a radiation beam for the purpose of reading 
and r recording information. The system comprises a 
tracking system (not shown) of a customary type, 
which ensures that the centre of scanning spot 
formed on the record carrier substantially coincides 
with the track centre. The device .further comprises 
a focus control (not shown) for keeping the scan- 
hing beam in focus on the record carrier, a 
scanning-speed ' control system (not shown) of a 
customary type for controlling the speed with which 
. the record carrier 2 is moved past the read/write 
" head 3. By means of a radial positioning system 4 
"the read/write * head 3 can * be moved in a radial 
direction relative to the record carrier 2. 

The recording and read system further com- 
prises a circuit for digitising ah analog .signal Va, 
for example a clocked analpg-to-digital converter 5. 
in addition to an analog/digital converter the circuit 
for digitising the .analog signal may also comprise a 
digital processing circuit for compressing thV digital 
^signal appearing on the output p^the analog-to- 
'digital converter.' Moreover, it is not /necessary that 
the information f to be recorded is presented in 
analog form. This information , may also, be pre- 
sented in digital form and may be converted by a 
digital processing circuit, such 'as for "exam pie a 
standard digital audio interface circuit, prior .to re- 
cording.. Wh^ analpg-to-digital converter 5 is 
used the bit rate of the. digitised signal Va" de- 
fends on the desired quality of the digitised signal, 
'which is dictated inter alia by the number of bits 
per signal sample and thasampling rate/However, 
the use of data compression techniques . may re- 
duce the bit rate without a significant loss of qual- 
ity. All this may result in the bit rate of the digitised 
signal being substantially lower than the bit rate of 
customary digitised signals ^such as a standard CD 
signal or a DAT signal. This means that the bit rate 
of .the digitised signal to be recorded/ no longer 
corresponds to the bit rate of the signal for which 
the customary recording, and read devices for 
digitised information have been designed. During 



recording this difference in bit rate can be com- 
pensated for by the use of an input buffer memory 
6, for example of the First-In-First-Out (FIFO) type, 
which is arranged between the analog-to-digital 

5 converter 5 and a. driver circuit 7 for the read/write 
head 3 and which is loaded at a rate corresponding 
to the bit rate of .the digitised signal Va 1 on the 
output of th^ analog-to-digital . converter 5, the in- 
. formation being read' out of the memory to be 

io applied to a data input of the driver circuit 7 at a 
rate corresponding to the scanning speed during 
recording. 

For controlling the analog-tq-digital conversion 
and the process of loading the input buffer memory 
75 .6 the device comprises a clock, signal generator 8 
'.for supplying a clock signal ch for the .analog-to- 
, 'digital converter 5 and a clock signal c!2,.' which is 
related *tp clock signal' cl1, for the., input buffer 
memory 6. Jt is to be noted that the frequency of 
20 the clock signal ch dictates the, bit rate, of the 
VT , digitised. signal Va'., v . , . , - ' 

. ,A second r plock signal, generator 9 supplies a 
transfer, clock, signal cj3, to" the 'input buffer memory 
6 for fetching the information from the. input buffer 
25. memory ,6,. the, transfer clock signal .cl3 haying a 
:> ; . frequency which is "related! tq. the scanning speed 
during recording. In order to. minimise the storage 
, . capacity^of the input, "buffer memory 6 the record- 
. ing process, can be controlled, in such a way that 
30 : when a specific. upper limit of the degree, of filling 
. , the inpqt buffer memory 6 is exceeded an informa- 
tion output cycle te. performed, Jn which the in- 
x ^formation stored Jrt the input .buffer k . memory 6 is 
... .fetched and is,,s'ubsequently. recorded. The cycle of 
35 t fetching and recording -the information is sustained 
} vvj.WW*"® degree;of filling has come below a specific 
tower. lii^it!^ after. which the fetching and' recording 
,. cycle : ii . stopped untt the degree of filling has 
. .again exceeded the. upper "limit. To. realise v such a 
*o . ( ..qpntr6l ; _ process^ the system comprises, recording 
M . .. . control means, .which comprise for example a prog- 
>.:-> r ? m mabJ^ xontrol unit in the. form of a microcom- 
^.rP uter jpaqfed .with a suitable m program. The 
> pcrocomputer TO.js coupled to the radial position- 
's v ing system 4,. by applying a control signal, it 
. v> causes a radial, jump of the scanning spot in a 
? .radial direction by , a specific .number of tracks. The 
x microcomputer is further, coupled, to- the clock sig- 
nal generators 8 and 9- foe activating and de-activat- 
so ing the generation of the clock, signals supplied by 
the generators 8 and 9. The microcomputer 10 also 
..supplies a control signal .to the, driver circuit 7. The 
; . . driver circuit 7 is constructed in such a way that 
depending .upon the received control signal the 
55 .read/write head 3 is set to the read mode or. to the 
write mode.. In the read mode the write/read head 3 
. supplies p. read, signal VI which js representative of 
the information recorded in the track portion being 
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scanned by the read/write head 3 at the scanning 
location. In the write mode the information received 
on the data input of the driver circuit 7 is recorded 
by means of the write/read head 3. For the purpose 
of controlling the recording process and the micro- 
computer 10 the input buffer memory 6 further 
supplies an indication signal Vg1* which is indica- 
tive of the degree of filling 6i the input buffer 
memory 6. Moreover, ah output signal of the input 
buffer memory 6, which signal represents the in- 
formation fetched from the input buffer memory, is 
applied to the ' microcomputer 10. Finally, the 
read/write head 3 is also coupled to the microcom- 
puter 10 to supply the read signal VI to, the micro- 
computer 10. 

The method of controlling the recording pro- 
cess wil now be Explained with reference to Fig. 2, 
which shows a flow chart .of a suitable control 
program and Fig. 3, which is a plan view of said 
information carrier 2 and the track 31 on this in- 
formation carrier. ' 

The program, whose flow chart Is shown in Fig. 
■ 2/ comprises a step Si Which is performed if the 
analog information applied to the analog-to-digital 
"-converter 5 is to be recorded. During the step S1 
~ * 'the read/write head 3 is moved in a; customary 
- ' manner to a desired radial position where' the re- 

* - cording should "start and under control of the micro- 
computer 10. Subsequently, while the step S2 is 
performed; the arialog-to-cJigitar cohvierter 5 is ac- 
tivated -by activating tHe : generation of the' clock 
signal cli.ltis'to be noted that it i's'hot necessary 
to start analog-tb-digital conversion after the 

; read/write head 3 has reached' the "desired position. 
This may also be effected prior to * the '"search for 
the* desired position.' The digitised ^information on 
the'output is loaded into the^input' buffer memory 6 

- in synchronism with the load clock 'signal 612. After 
the step S2, while'the step; S3 n is performed, it is 
ascertained on the basis of the indication 'signal 
Vg1 whether the degree of filling of the input buffer 
memory 6 has exceeded a "specific .value Vmax. 
Once the degree of filling has exceeded "this value 
it is checked in the step S4 whether the information 
stored in the input buffer memory 6 concerns the 
first packet of information to be recdnded. If this is 
the case, the track where* recording -carr be started 
is located during the step S4a in a manher as 
described, for example, in European Patent Ap- 
plication EP-A-0,325,329^ (PHQ* 88.002). Subse- 
quently, recording is started* while the step S5 is 
performed. During the step' S5 the generation of 
the transfer clock signal cl3 isactivated, so that the 
information stored in the input buffer memory 6 is 
applied to the control circuit 7 in synchronism with 
the transfer clock signal c!3. Moreover, duiring the 
step S5 the read/write head 3' is set to the write 
mode, causing the' information applierf to the driver 
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circuit to be recorded. By way of illustration the 
point where recording in the spiral track 31 begins 
is indicated by the reference numeral 30 in Fig. 3. 
The speed with which the information is 
5 fetched from the input buffer store 6 is higher than 
the speed with which the input buffer memory 6 is 
loaded, so that the degree of filling of the input 
buffer memory 6 will decrease as recording pro- 
ceeds. In the step S6 it is ascertained whether the 
70 . degree of filling of the input buffer memory has 
decreased below a specific limit Vmin. If this is the 
' case, the position in the track. where recording is to 
be interrupted is determined during step S7. More- 
over, the information specifying this position is 
75 /stored for example, in the memory of the micro- 
computer 10. If the recorded information includes 
. address information, the location where the. record- 
/ ing is to' be interrupted can be defined roughly by 
an address included in the information. 'The exact 
2d' position' of the interruption can be represented by a 
synchronisation code which is' recorded at a pre- 
determined' position relative to the position of in- 
■ terruptiqn. ' This synchronisation code may com- 
' prise a code which can be distinguished from the 
25 information and which for this purpose has been 
* added to" the information to be recorded. If the 
''information to be recorded already includes synch- 
ronisation codes, ' such ; as for example the EFM 
synchronisation signals or the subcode synch- 
30 * ronisatioh signals in a [ standard CD "signal, these 
are preferably used'for indicating the exact position 
of the interruption of the recording. This, can be 
achieved; for example; by interrupting the record- 
ing at" a fixed instant after the next synchronisation 
35 code 'appearing' after" the degree of filling has 
dropped below the* limit 'value Vmin. The actual 
^interruption of the recording is realised in. the step 
. * S8. c ln this step,' at the instant at which the position 
is ! reached where the recording is to be interrupted, 
40 '"the read/write head 3 is set' to' the read mode and 
at the' same time the transfer, of the . information 
from the input memory sto'tV 6 is 'discontinued by 
deactivating" the generation' of ^the transfer clock 
signal cl3. In Fig. 3 the p'dirit Where the recording is 
45/ interrupted in the track 3T ' bears the 'reference 
humeral 32. 'After the step" S8^ it is ascertained 
during ' the step S9/whfether ^aTi' the information 
\ \ packets have already been recdfdecJ : 'if this is not 
the 'case the step S10 is carried "out, in which the 
so read/write head is made to jump over one or more 
tracks to a turn of the spiral track which precedes 
the track portion in which a recording has been 
interrupted. In Fig: 3 this jump is indicated by an 
"arrow 33. As a result of the' radial jump a track 
55'' portion is scanned which is situated before the 
point 32 where the recording has been interrupted. 
'* During the step S1 1 * it is tested by means of the 
read 'signal VI whether the point" 32 is reached 

*- - t .. ■ ■ . . ■ " . : 
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again. This is possible, for example, by comparing 
the address information obtained during reading 
with the stored address, which roughly indicates 
the position where the recording has been inter- 
rupted. Subsequently, the exact position of the 
interruption can be determined by detecting the 
next synchronisation code which appears in the 
read signal VI after coincidence between the said 
addresses has been detected. Upon detection of 
the exact position of the interruption recording is 
resumed by performing the step S5.. It is to be 
noted that instead of by means of the method 
described hereinbefore the instant of resuming can 
also' be determined depending upon the degree of 
^filling. For. example, it is possible to postpone the 
resumption of the recording process until the de- 

[ grete of filling of the input buffer memory has 
exceeded a specific maximum .value and, subse- 
quently, to locate the point where the recording has 
been " interrupted. During recording of the entire 
signal to be recorded the recording is each time 

. interrupted temporarily at the positions indicated by 

the reference numerals .33 36 in the track 31. 

This process of interrupting and resuming the re- 

. cording proceeds until in the step S9 the last 
packet of the information to.be/ecorded is de- 
tected 'and the step . Si 2 is performed,' During the 
step SI 2 digitisation of. the -information applied to 

. the analpg-tp-digital converter 15 and losing of the 
digitised information into the input buffer memory 6 
is ^stopped by . deactivation of the transfer clock 
signal, c!2 and .the. clock signal cli. It is. tp jbe noted 
that in ^general, the .input, buffer .memory, will then 
not yet be completely empty. .However, this is not 
problematic when audiolsignais are to be reporded, 
because it concerns only very, brief signal portions. 
However, if. the entire -audio signal -is to be re- 
corded, the buffer memory can be. replenished with 
a signal representing .^silence, and the, .position 
where the recording is terminated can be selected 
in such . a way that the instant of stopping appears 

.,_ while the signal representing this silent passage is 

" recorded. / \ 

rV The recorded- information can be read : by scan- 
ning the track'. )p which "the information has been 

. recorded with, "the read/write head 3, which, should 

. be. .set the x read." rnode^ for this purpose. The 
read/write head 3 then supplies the read signal VI 
which can be loaded into an output buffer memory 
.1.1 in synchronism with a load clock signal cl4 
generated by the clock signal generator 9. The 
information loaded into : the output buffer store 1 1 
can be extracted in synchronism with a transfer 
clock signal c!5 generated by. the clock signal 
generator 8. The extracted information is applied to 
a digital-to-analog converter 12, which is controlled 
by a clock signal cl6, which is also generated by 
the clock signal generator 8. The recorded informa- 



tion is available in analog form on the output of the 
digital-to-analog converter 12. The speed with 
which the track on the record carrier is scanned 
during reading of the recorded information is se- 
5 lected to be equal to the scanning speed during 
recording, so. that the tracking control system can 
be optimised both for recording and for reading. 
The frequency of' the transfer clock signal c!4 is 
. selected, in such., a .way that the speed with which 
io the output buffer memory 1 1 is loaded corresponds 
to the scanning speed during information reading, 
the frequencies of. the clock signals c!5 and c!6 
.are selected in "such a way that the speed with 
which the analog information appears on the output 
75 of the digital : to-analog* converter 12 corresponds to 
the speed with which this information is received 
. , /.by, the analog-to-digital , converter J5„'.so that upon 
. \ reading a faithful reproduction of the recorded in- 
formation is achieved. The information is read un- 
20 der control of the microcomputer 10, which is load- 
\ t ? ed with, a. program suitable, for this purpose. 

. Fig. 4 js ,a flow, chart "of a .suitable.' program. 
This program includes^ a .step S20. in which under 
, . . control of the microcomputer 1.0. : the "read/write 
„ 25 head 3 is positioned opposite the track, portion in 
, j ■ " .Vyhich the., information to, be .read" has been re- 
corded. Subsequently, jn' the ..step.' S22 reading is 
,^ * started .by activating the generation of the clock 
!• -j i:\ ?'9 n * al ? c, 4' cjS.and cl6. As a result of the activation 
_ 30. . of; the. clopk. signal, generation the "information read 
, vi? |oaded into the,output buffer /memory,/! 1 with a 
. > , . .speed corresponding to.the.read speed. The stored 
. . , Informktioh is fetched. from the output buffer mem- 
,. ory 111 with. "a speed lower 'than the loading speed 
.35.,,. and is. subsequently converted Jnto\ analog form by 
..^^^the^igi^-t^aVaJog "converter 12. As a result of the 
*\Tlg : ^ t difl%rgiic^., be^rci^p^lhe ^fetching, speed and the 
e ' loading speed' the degree of filling of the output 
. buffer. .rnemory will increase. In the . step S23 the 
40 3 degree of fj||ing,.which is indicated-by an.indication 
r *. signal Vg2 generated by the output buffer memory 
.11,. is . cprtipared r with., a maximum value Vmax2. 
. , v When .the., degree of filling exceeds, the, maximum 
r . N ,.valuq" : the .step ,524, is .carried .out,', in wjiich the 
,45 . position, is determined where loading of the in- 
^ ?fl . ; formation "being., read can.be interrupted.. This can 
. . be determined in a manner similar to the manner in 
, . v which, the interruption is determined during record- 
ing, on the^ basis of the^address, information which 
.so ^ indicates the 4 scanning* position and of the synch- 
ronisation codes included in the recorded informa- 
tion. When this position . is reached information 
x reading and loading of the information in the output 
buffer, memory 11 Js discontinued in. the step S25 
• * 55 * bv de-activating the generation off .the -clock signals 
% . . ci5 and cl6. Subsequently, in the , step. S26 the 
, scanning spot is m^de to. perform a radial .jump to 
a turn of the spiral track which precedes the point 
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where reading has been interrupted. 

Subsequently, in the step S27 it is checked 
whether all the packets of the desired information 
have been read completely. If this is not the case, 
it is ascertained during step S28 on the basis of, 
for example, the address informatipn and the syn- 
chronisation codes in the signals being read wheth- 
er the point where reading has been interrupted is 
reached again. As soon as this 'point is reached, 
loading of the output buffer memory is resumed by 
activation of the clock signal cl4 in the step S29. 
After the step S29 the step S23 is repeated and 
loading of the information being read is interrupted 
again when the degree* 9f filling of the output buffer 
memory again exceeds the valu.eVmak2.*' 

This process of each tihW temporarily inter- 
' rupting the storage of the information' being read 
proceeds until during" the step;S&7 it isjascertained 
that all the desired' 2 information' has'b^n'read, after 
which the step S30 is performed; in which the 
extraction of information from the output buffer 
memory is discontinued by * de-activating the gen* 

* eration of.thfe dock signals cl5 and clis as soon as 
" the output buffer is empty "' t [ '"■ 

In the* recording and read' system ' described 
hereinbefore it' is achieved thartlW scanning sp£ed 

* during recording and reading is independent of the 
' speed with 'which the ihfpr'matioW Is referred or is 

to be supplied' by the use of the buffer Memories 6 
and 11 and by v controlling the recording ^and the 

'* reading' process. *6y' srrnply 5 ^ 
ries ahd 'a simple-to-realise" 5 adaption of the con- 
trol program * this ' enables ~an' existing- design of a 
recording and read devicfe'% be ' converted into a 
recording and ' read device by' 'means of which 
digitised infornhatib'ri 'can bV retbfde'd 'whose bit 
rate is lower than' the^it"' raW" &f r the^ digitised 
information for which the* device tiast>een designed 
originally. r - " --''—I* 

' When digital" information is VeSorded it is often 
subjected to an additional modulation "process prior 
to recording, in *6rder toVender trie w information to 
be recorded 'better Suitable "for recording. ' in gen- 
eral this means that the bit rate of'thg information 
after encoding* will be higher than prioPta modula- 

' tion. The "storage of the non-modulated signal and 
buffer memories is to be preferred Wer 'the'' storage 
of the modulated J signaHin' the buffer memories 
because-in the first case buffer memories 'having a 
smaller storage' capacity can be used. 

By way of illustration r Fig. 5a and Fig. 5b show 
the preferred positions of the buffer 5, memories in 
the case that the digitised information lo be re- 
corded is subjected to an additional 'modulation 
process. These Figures only show that 'part of the 
system- which has been' modVfjed ■ in-'comparisbn 
with the system shown in Frg. i. Iri Fig. r 5a these 
modifications pertain to V modufation^circtiit 50 for 
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modulating the information fetched from the input 
buffer memory. The modulation circuit 50 should 
be de-activated or activated at the same instant at 
which loading of the output buffer memory 11 is 
5 interrupted and resumed respectively. This can be 
realised simply, for example by the use of a 
modulator which is clocked in synchronism with the 
load clock signal c!3. Further, by way of alternative 
Fig. 5a shows a digital data compression circuit 5a 
w arranged between the analog-to-digital converter 5 
and the input buffer memory. 

The modifications shown in Fig. 5b pertain to a 
demodulation circuit 51 for demodulating of the 
information read before" this information is applied 
75 to the output buffer memory 11. The demodulation 
, circuit 51 should be rendered inoperative and oper- 
ative at the same time' that loading of the output 
buffer memory 11 is interrupted and resumed re- 
spectively. This can be realised ' simply, for exam- 
20 pie by the use of a' demodulator which is clocked 
in' synchronism with the load clock signal cl3. Fig. 
5b, by way of alternative," shows a digital data 
decompression circuit 12a arranged between the 
"output buffer memory 11 and the digital-tb-analog 
25 converter 12. . 

Fig: 6 shows another erribbdiment of a 'record- 
ing/and read system 'in accordance with the inven- 
tion for' recording information, modulated in confor- 
mity with a. CD standard; The systerri shown is 
^30 ' constructed to record " informatioh .applied with an- 
t other' ' speed than that prescribed' by "the CD stan- 
dard. Elements in Fig. 6 which' correspond to ele- 
."merits 'in the embodiments' described above bear 
' * 'the same reference numerals. ';" 
1 '35 " The system shown is"' adapted lo record EFM 
,; 1 ' ~'modulated information' at a scanning speed situated 
" 'within 'the limits of t.2 m/s't6^1^4 m/s prescribed by 
the CD standard 'on an Optical record "carrier having 
' "k servo' track : 'which iv e'xhibits'' , a preformed track 
, 40 'rnddulatiorj* representing track Addresses. Such a 
" "record i^carffer fs ^ known "inter alia * 4 from EP-A 

6,325,330/,' her^Wthincbrpdi-atetf by reference. 
J For the purpose' of s detecting the address in- 
formation represented by the track modulation the 
45 " 'dievice corhprfsei^an ATiP^decoder 60, which de- 
rives from" ttie "detection sfgri3r' > supplied' , by the 
1 ' optical read/write head i'li an address code of the 
same 'format as the' 'address' code included in a 
standard CD signal': iyioreover, the ATI P decoder 
' so ' derives' a clock signal' c!7 of a frequency which is 
indicative of the scanning' speed. Such an ATIP 
'decoder 60 is described comprehensively in the 
above mentioned EP-A 0,325,330. By means of a 
' - phase detector 61 the phase of the clock signal cl7 
55 is compared with the phase of a reference clock 
' - signal clref, whose "frequency is indicative of the 
desired scanning speed. By means of the fre- 
quency divider 62 the reference clbck signal clref 
: - " . . . : .[ y 

7 
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is derived from a central oscillator 64. An output 
signaJ of the phase detector 61, which signal is 
indicative of the phase difference between the 
clock signals cl7 and clref, is applied to an ener- 
gising circuit 63 for the motor 1. The energising 
circuit 63 is of a customary type which depending 
upon the detected phase difference controls the 
motor 1 in such a way that the phase difference 
remains substantially 2ero. 

The modulator employed in the system shown 
in Fig. 6 comprises a customary CIRC encoder 50a 
and an EFM modulator 50b for converting digital 
information into EFM modulated information in ac- 
cordance with a CD standard. The CIRC encoder 
50a, the EFM modulator 50b and the input buffer 
memory 6 are controlled by a clock generator 9b 
which derives the required clock' signals cl3, c!3\ 
c!3 n by frequency division from the output signal of 
the central oscillator 64. The clock signal generator 
9b is of a controllable type which can be enabled 
. and disabled by means of a control signal supplied 
'by the microcomputer 10 to deactive and activate 
the generation of the clock signals. The EFM 
modulator 50b is also coupled to the ATIP decoder 
60. for receiving address codes which are added to 
\ the modulated EFM modulated .signal by the EFM 
\ modulator 50b, the additional address codes being 
inserted in the subcode channel' of the EFM modu- 
lated information in a custbrnary .manner. 

"The demodulator. used in the device shown in 
Fig; 6 comprises a "customary CIRC decoder 51a 
and EFM demodulator Sib. The CIRC decoder 
51a, the EFM demodulator '51b and the output 
buffer memory 11 are controlled by clock signals 
cl4', cl4" and c!4, which are derived by frequency 
division from the output signal of the central oscilla- 
tor 64 by a clock signal, generator 9a. The clock 
signal generator 9a is of a controllable, type, which 
can .be disabled and enabled by. prieans of a control 
signal supplied by 'the . microcomputer 10 to de- 
activate or ^activate the generation of the clock 
signals. . ." " . . \ , 
. ' 1 A recording. and read process control is similar 
to^that in the device shown in Fig. i, except that 
the track positions where recording and/or loading 
of the output buffer memory . 11 is/are interrupted 
and resumed is determined suitably on the basis of 
the subcode synchronisation codes present in the 
EFM signal and the address information supplied 
by the ATIP decoder 60. In that case the EFM 
signal need not be adapted and the positions 
where the recording is interrupted can be selected 
independently of the positions where the process 
of loading the output buffer memory is interrupted. 
For the purpose of detecting the subcode synch- 
ronisation code the device comprises, a subcode 
synchronisation .detector 65 for detecting the pres- 
ence of subcode synchronisation codes in the out- 
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put signal of the EFM modulator 50b. The output of 
the subcode synchronisation code detector 65 sup- 
plies a detection signal for the microcomputer 10 in 
response to every detection of a subcode synch- 
5 ronisation code. For the detection of the presence 
of subcode synchronisation codes in the read sig- 
nal the 'subcode synchronisation detector normally 
present in the EFM demodulator 51a may be used. 
ArrangingJhe input buffer memory 6 before the 
io EFM modulator 50b in the embodiment shown in 
Fig. 6 has an additional advantage. Indeed, as a 
result of this arrangement of the input buffer mem- 
ory 6 the address codes supplied by the ATIP 
decoder 60 can be applied directly to the EFM 
75 modulator. This is in contrast to an embodiment in 
, which the input buffer memory 6 is arranged after 
' the EFM modulator 50b. ..... 

\ " " With respect to the ' position of the buffer 
roemories it is to be noted that, in* principle, the 
20^ rnemories usually available in the. CIRC encoder 
50a and CIRC, decoder 51b. may be used, provided 
. .that. their.. storage.. capacities are , adequate. Alter- 
. „ .pafively, the buffer memories may be arranged 
. _ ./ between the CIRC encoder 50a . and the EFM 
25 \ . modulator 50b and between .the EFM.,demodulator 
. V 51a and the CIRC, decoder 5l b/Anl essehtial fea- 
. ture is that the input buffer memory 6, is. arranged 
7 [ . in. the data path i before ..the modulator 50b and that 
the .output buffer memory .11 is, arranged in the 
\ab. . " data path after the .demodulator 51 a. . 
. . _ As a. result of. the temporary interruption and 
; .resurprjtipn of .the recording process it may, happen 
, ^that the phase of the" recorded .signal exhibits a 
phase 'dfscontinurty at the location, where the re- 
35 \ ; cording has . .been " interrupted temporarily. , During 
, r . reading such a. phase discontinuity may give rise to 
. rv „ . t read .errors. When information is recorded to which 
'. redundancy, has been added for . the . purpose of 
, error correction,, such as for example in a standard 
40 I \CD_ signal, such .read errors can generally be cor- 
rected without any problem. However;, by compara- 
..tiyely simple means the. magnitude .of the. phase 
: ?t : discontinuity ^.can be reduced by. synchronising the 
. clock signal, which is applied for the , purpose of 
45 .'. controljing the. extraction of information" from the 
"j buffer memory 6, with. a data clock signal derived 
from the read signal obtained by scanning the track 
_ portion ? situated before, the position where recording 
is to. be resumed. This may be realised, for exam- 
50 .pie, by adapting the system shown . in. Fig. 6 in a 
manner as shown in Fig. 7. The adaptation involves 
the use of a. voltage controlled oscillator as the 
central oscillator 64. (The voltage controlled oscilla- 
tor bears the reference numeral 64' in Fig. 7). The 
55 voltage controlled oscillator 64 is included in a 
phase locked loop circuit. The phase locked loop 
comprises a phase detector for comparing the 
phase of a data clock signal derived from the read 

8 
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signal vl by means of the EFM demodulator 51a, 
with the phase of a signal derived from the periodic 
output signal of the voltage controlled oscillator 64 
by means of a frequency divider 71 f An output 
signal of the phase detector 70 which is. indicative 
of the phase difference between the signals thus 
compared is fed back to a control input of the 
voltage controlled oscillatpr 64' ."via an electronic 
switch 72, which is controlled ' by the microcom- 
puter 10, and a loop filter. 1Z to .'adjust the fre- 
quency of the output signal of the oscillator 64\ By 
means of the electronic switch 72 the phase locked 
loop is opened or closed depending on the control 
signal supplied by the 'microcomputer '10. The syn- 
chronisation of the output* signal r of '"the voltage 
controlled oscillator 64, and hence the synchronisa- 
tion of the clock signals ' cl3," CI3*' apd c!3" for 
controlling the recording process, with trie data 
clock signal is achieved by opening the phase 
locked loop during the recording process and clos- 
ing it briefly before 'recording' is resumed under 
control of the microcomputer'ipf ' 

* The invention has' beery illustrated hereinbefore 
for a* recording" and read" system' 'for" rotating disc- 
shaped record carriers. ^Howfeyer. it Vi to be noted 
that : the use" of the ihvenlioh J ^is ' not* liririited to 

"recording"* and' read ' systems ./for^/' rotating disc- 

* shaped record carriers. In /principle, the invention 
may be employed in any'Vecording arid read sys- 
tem in ; which a scanning me&ns'q&rTb'e moved to a 
previous portion of 'tHe^track! Moreover/ th6 use' of 
the iriybntion is not limited' to ^ brStical Recording and 

( read systems but' the invention may' aisb'be em- 
ployed in magnetic recording ahd' reati systems. 

Moreover; 'it is tcTbe noted that th£' decision 
criteria" on the 'basis ' of which J the Recording and/or 
read process' is interruptecl and resumed ' 'are not 
limited to' ;: the decision cfiterta d^stVibdd'' herein- 
before. For example, if is* possible' to 1 interrupt the 
recording and/or read protess ; c alwkyi ^ffer.reading 
or recording information ffdmfrrV%n^^^ 
of turns of the spiral track: J MorebyerT *it' is also 
possible/ for example, ''not to " resume "recording 
arid/or heading until a' minimum tirnfe'lnferval has 
elapsed. 1 It is always^ essential 0 that the'' "storage 
capacity is selected to be "adequate to' compensate 
for the resulting fluctuatibns in the arhbunt of in- 
formation stored: * 

Finally, if is to be noted that the invention is not 

' limited to systems in which 'the recording device 
and the read device form an integrated unit. The 
invention may also embodied* in systems compris- 
ing a separate recording device and a separate 
read device. - ' ' 
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1. An information recording and read system 
comprising scanning means for scanning a 
track on a record carrier of an inscribable type 
for the purpose of recording and reading in- 
s formation, the scanning speed during recording 

substantially corresponding to the scanning 
speed during reading, a recording device com- 
prising recording means for recording informa- 
tion in the track at the scanning location, a 
io read device comprising read means for read- 

ing the information recorded in the track at the 
scanning location, characterized in that. the re- 
' * . , cording device comprises an input buffer 
memory for, prior to recording, temporarily 
75 * storing information to be recorded, recording 
control means for causing the recording to be 
. interrupted, for causing /the scanning spot to 
jump to a preceding portion of the track, and 
for causing the recording process to [be re- 
26 ' * sumed*. when the track portion where the re- 
cording has been interrupted is reached again, 
, / ' J n such a way. that' a degree of filling' of the 
" Mnput buffer memory remains between specific 
limits, in that Xhh read device comprises an 
outrjut' bujfe^ stor- 
age of the read information prior to the extrac- 
tion of the read/.mformati^ 
'. ' means for causing J the' storage' 1 of thte i nf orma- 
tion read fq" be interrupted, for' causing the 
scanning' spot to 'jump to a preceding track 
" portion, and for causing* .the " storage of the 
" jrjformation read to be/esUrrfed vyhjahihe track 
^ ^ portioh where storage^ has', b'qen interrupted is 
' ' reached again In sucti'a way'jlikt a degree of 
fUUri'g of the ' output bjjffer" memory remains 
between specific limits. '. 

. A System as/fcfeirried in Cfoim 1, characterized 
'^n'/that 1 ttje' Recording device comprises a 
[' mqdylator for 'mddulatirig p , prior to recording, an 
'] information signal which is representative of 
the information fo be 'recorded, the read* device 
comprising a demodulate for demodulating, 
after reading!' a ^modulated' information signal 
/read^the jec^6\h^ti^\t^being 'adapted to 
" store' the h on-modulated' .information signal in 
^ ' the input buffer/memory and/or' the read de- 
/* ? ' ' ' vice being adapted tostoVe the information 
signal read, which has already^beeh demodu- 
5b lated, in the output buffer memory 

" ' 3. A system as claimed in Claim 2,, characterized 
in that* the modulator comprises means for 
adding address information to the information 

55 signal, the device further comprising means for 

deriving* the address information from a track 
Modulation of the track 'being scanned and 
mean's for applying the address information to 
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the modulator. 

4. A system as claimed in any one of the preced- 
ing Claims, characterized in that the recording 
means are clocked, the device further compris- 5 " 
ing synchronisation means for synchronising a 

clock signal for the control of the recording • j 
process with a data clock signal derived from * c, 
information read from a track portion which is: ' - » ; r* " " 
scanned prior to resumption of the recording. " w ' r 

5. A system as claimed in any one of the preced- : ~ * 
ing^ Claims, characterized in that the device 

comprises address-generating means for sup^ * 

plying addresses which are indicative of .the' 75 ; ' 

instantaneous scanning- location, the .recording I ; 

control means and/or 'read control means being * - - -v •■** 

adapted to Interrupt trl§^fecord'irig land/or^ r^ad : ' ~ ? 

process at an instant which is shifted ~by a i 
predetermined time relative to the' recording 20 
and/or read process of a synchronisation code 
included in the information.^ the recording^ 
and/or read control means comprising means 
for the storage of the address associated with * 
the position of interruption of the recording or i 25 
read process, and means for determining the 
position in the track where recording or read- 
ing should be resumed on the basis of the 

stored address and one of the synchronisation * ^ 

codes included in the information jwhich is read 30 

prior to resumption. " "* - * ^ v 

6. A system as claimed in any one of the precede ^ 

ing Claims, characterized in that the scanning >% 1 

speed during recording and reading is between 35" v s % \ \ \ 
1 .2 and 1 .4 metres per second. / , - v * 

7. A recording device for use in a system as 
claimed in any one of the Claims 2 to,' 6. r 

; * 

8. A read device for; use in a system as claimed 
in Claim 2. 4, 5 or 6. ; : v- ' ^ 



\ \ \ \ 



40 . • f r 



50 
55 



10 

INSDOCID: <EP 0429139A1 J_> 



EP 0 429 139 A1 




EP 0 429 139 A1 




tNSDOCID: <EP 04291 39A1_L> 



12 



EP 0 429 139 A1 




BNSDOCID: <EP 0429139A1 J_> 



13 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 20 3049 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (int. CI.6) 



A 
A 



US-A-4 41 3 289 (C.S.WEAVER ET AL) 

* column 3, line 26 - column 7, line 1 1 ; figure 1 * 

EP-A-0 046 231 (LICENTIA PATENT- 
VERWALTUNS-GMBH) 

* page 8, line 32 - page 13, line 21; figures 1-5 * 

US-A-4 853 921 (HARUO TAKEDA) 

GB-A-2 122 406 (MCDONNELL DOUGLAS CORPORA- 
TION) 



1.4-5 



G 

1 1 B 7/00 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (Int. CI.5) 



G 11 B 



Place of search 

The Hague 



Date of completion of search 

28 January 91 



Examiner 

CARTRYSSE A.A.H. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A: technological background 
O: non-written disclosure 
P: Intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or alter 

the filing date 
0 : document cited in the application 
L ; document cited for other reasons 



& : member of the same patent family, corresponding 
document 



JNSDOCID: <EP 0429139A1_I_> 



I 



